Although varicella is usually considered a mild childhood disease, it carries a considerable public health burden as it affects nearly all children before the age of 10 and is not devoid of complications. Before implementation of routine varicella vaccination in the USA, varicella caused an estimated 11 000 hospitalisations and 100 deaths every year (or approximately 2.6 deaths per 100 000 cases), of which approximately 43 deaths occurred in mostly healthy children ,15 years of age. 1 2 Numerous clinical trials have shown that varicella vaccines derived from the Oka strain, isolated in Japan in the early 70s, are safe, immunogenic and protective against varicella in healthy children and adults. 3 4 These results have been confirmed by post-licensure surveillance studies in the USA [5] [6] [7] and Israel. 8 The two most widely used varicella vaccines are Varivax from Merck & Co. and Varilrix from GlaxoSmithKline Biologicals. In 1995, the USA became the first country to include varicella into the routine immunisation calendar using a frozen vaccine formulation (Varivax) . From 1995 to 2000, varicella cases in the USA declined by 71% to 84%, depending on the region, with the largest decrease observed in children aged 1-4 years. Despite irregular acceptance and overall vaccination coverage below 75%, 10 years of routine immunisation reduced varicella-related deaths from approximately 100, to 26 per year, with the highest reduction (92%) also observed in children aged 1-4 years. 9 Hospitalisations similarly declined from a range of 2.7-4.2 per 100 000 population from 1995 to 1998, to 0.6 and 1.5 per 100 000 population in 1999 and 2000, respectively. 10 Routine varicella vaccination of young children is now also recommended in Canada (Varilrix and Varivax), 11 Germany (Varilrix and Varivax), 12 
Australia
What is already known on this topic c Although safe and effective vaccines against varicella disease exist, universal mass vaccination against varicella (UMVV) is currently undertaken by very few countries. c Vaccine effectiveness in preventing disease and death has been established by data from the USA where UMVV has been underway for a decade using a vaccine from a single manufacturer. c Outside the USA there is a paucity of population effectiveness data in UMVV settings.
What this study adds
c This study provides vaccine effectiveness data following 6 years of UMVV in Uruguay, with more than 90% coverage since the start of the programme. c The data specifically describe the effect of UMVV on hospitalisations and outpatient health service utilisation. The findings complement and add to those already published by US investigators. c The vaccine administered in Uruguay is made by a different manufacturer to the US product and provides additional evidence that supports the effectiveness of Oka-strain vaccines in preventing disease and hospitalisations due to varicella.
(Varilrix and Varivax), 13 Qatar (Varilrix), 14 Taiwan (Varivax) 15 and South Korea (Varilrix and Varivax), 16 and is under consideration in other European countries. 17 Among developing middle-income countries, Uruguay is characterised by a modern and efficacious immunisation policy. At the end of 1999, universal vaccination against varicella was introduced among children 12 months of age. 18 No catch-up vaccination took place. The varicella vaccine used in Uruguay, Varilrix is, like the US-licensed vaccine Varivax, derived from the Oka strain. Varilrix differs from the US formulation of Varivax in its temperature stability, whereby Varilrix does not need to be stored in the freezer. 4 Vaccines that are part of the national recommended immunisation schedule in Uruguay are offered free of charge. Varilrix is administered concomitantly with the measles, mumps and rubella (MMR) vaccine, and vaccination is mandatory before kindergarten and school entry. According to the Uruguayan Ministry of Public Health this has resulted in a varicella vaccination coverage of 96%, 96%, 93%, 96%, 94% and 88%, respectively, for children born in 1999, 2000, 2001, 2002, 2003 and 2004, 19 with similar coverage continuing during 2005 (J Quian, personal communication, 2006). The aim of this study was to assess the impact of the varicella universal vaccination programme in Uruguay on health service utilisation for varicella in children, 6 years after the start of the programme.
MATERIALS AND METHODS
We conducted a study of utilisation of health services for varicella infection in the 3 years before and 6 years after 
Vaccine
One dose of Varilrix (0.5 ml) contains 10 3.3 plaque forming units of live attenuated varicella-zoster (Oka strain) virus, propagated in MRC5 human diploid cells. Varilrix is stored by refrigeration at +2uC to +8uC and is not affected by freezing (refrigerationstable formulation registered in 1994).
Study population
The study was conducted in Montevideo, the capital of Uruguay. According to the latest census in 1996, Montevideo has a total population of 1 344 839 among whom 294 831 are ,15 years old with the following age distribution: 20 081 aged less than 1 year (representing 1.5% of the total population); 77 398 aged between 1 and 4 years (5.8%); 100 028 aged between 5 and 9 years (7.4%); and 97 324 aged between 10 and 14 years (7.2%).
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Health surveillance systems
Both public and private health surveillance systems are in place in Uruguay. We obtained data from both systems. The public system serves a population that is generally more disadvantaged, relying on the Ministry of Public Health for healthcare. The main paediatric referral centre in this sector is the Centro Hospitalario Pereira Rossell (CHPR). This is the only paediatric referral hospital in Uruguay and admits cases of varying severity, including children with complex and severe illness. Data on hospitalisations related to varicella were obtained from the ward registers and automated database of this hospital. All cases were recorded, regardless of whether or not varicella was the presenting condition.
The private health system consists of several organisations that service a substantial proportion of the population (25% of children ,15 years in the city of Montevideo). These organisations provide ambulatory medical services (home care, consultations at polyclinics and hospital transfer in case of emergency). Two private insurance organisations were involved in the present study: Servicio de Urgencia Asistencia y Traslado (SUAT) and Servicio de Emergencia Medico Movil (SEMM), respectively, serving an average of 63 000 and 19 000 children aged ,15 years (approximately 10% of Uruguayan children in total). At SEMM, data were only available from 1998 onwards. Data on ambulatory visits for varicella were extracted from hand-written registers for the period before 1999 and from automated databases from 1999 onwards.
Age, gender and place of residence were collected for all reported varicella cases in the three institutions. For hospitalised cases the following data were also obtained: diagnosis at the time of admission, number of hospitalisation days, varicella immunisations, admission or not in the Intensive Care Unit (ICU), and final diagnosis and outcome for the patient.
Statistical analysis
The CHPR does not cover a well-defined population and it was not possible to calculate or compare varicella hospitalisation rates. Instead, the proportion of admissions for varicella compared to the overall number of admissions was calculated. For ambulatory visits, incidence rates could be calculated and compared over time since membership of the private insurance systems providing the ambulatory varicella numbers was exactly known.
Surveillance data from the Ministry of Health show varicella notifications prior to the introduction of routine varicella vaccination (fig 1) . Surveillance was similar for all years except for 1985, where no data were available because the programme was new and recently implemented. To estimate the burden of varicella disease in the pre-vaccination period, we calculated the proportions and incidence rates for the entire period 1997-1999 to compensate for these cycles. As data were unavailable for 1997 at SEMM we used the 1998-1999 average in this system.
Fisher exact tests were used to test the decrease between the rates before and since the varicella vaccination programme. Statistical analyses used SAS V8.2 (SAS institute, Cary, North Carolina).
RESULTS Hospitalisations
The total number of hospitalisations in the CHPR increased The proportion of hospitalisations due to varicella, reduced by 81% overall (p,0.001) and by 63% (p,0.001), 94% (p,0.001), 73% (p,0.001) and 62% (p = 0.044) by 2005 in the ,1, 1-4, 5-9 and 10-14 years age groups, respectively, compared to the preceding years from 1997 to 1999 (table 1) .
The majority of varicella cases had no underlying condition (table 1) . There was no change in the proportion of hospitalised cases with underlying conditions over time. When present, immunosuppression and malnourishment were the most common preceding conditions. Since the start of the varicella 4 months previously; and another child of 5 years with pneumonia who had been vaccinated at 3 years of age.
Outpatient consultations
The combined membership ,15 years of age for SUAT and SEMM decreased from approximately 85 000 in 1998 to 65 000 in 2005. In the period 1997-1999, the incidence of medical visits for varicella per 1000 members in the two systems was 38.8 overall and 16.2, 64.8, 44.9 and 13.9 for the ,1, 1-4, 5-9 and 10-14 years age groups, respectively. In 2005, these incidence rates were reduced by 87% overall (p,0.001) and by 80% (p,0.001), 97% (p,0.001), 81% (p,0.001), and 65% (p,0.001) for the same respective age groups (table 2). The evolution of the incidence of varicella in each system is illustrated in fig 2. There were 358 varicella cases treated as outpatients among the three service providers during 2005, who were in the target age group (.1 year of age) and for whom clinical information, including vaccination status was available (tables 1 and 2). Of these, 118 had been previously vaccinated. Clinical varicella differed significantly in previously vaccinated and unvaccinated individuals: 78.0% of vaccinated subjects had (50 lesions and none had .150 lesions compared with 32.9% and 23.8% of unvaccinated children, respectively (p,0.001). Fever was present in 39.8% of vaccinated subjected versus 77.1% of unvaccinated subjects (p,0.001) and was .38.5uC in 31.9% and 48.6% vaccinated and unvaccinated children, respectively (p = 0.003). Complications occurred in 6.8% of vaccinated children (cutaneous super-infection and vesicular haemorrhage) compared with 11.7% of unvaccinated children (cutaneous super-infection, bacterial super-infection, sepsis, scarlet fever and cervical adenopathy) (p.0.05). Hospitalisation occurred in 0.0% and 1.2% of vaccinated and unvaccinated children, respectively (p.0.05).
DISCUSSION
The results of this retrospective study demonstrate significant reductions in the proportion of varicella hospitalisations in a large public paediatric hospital (up to 86% in the age group eligible for vaccination) compared to the pre-vaccination years 1997-1999. Furthermore, a substantial decrease was also observed in the ambulatory cases seen at two ambulatory healthcare providers (up to 88% in the age group eligible for vaccination). Clinical varicella, when it occurred in vaccinated subjects, was associated with significantly fewer and less severe symptoms and complications than disease in unvaccinated children.
The observed decrease in varicella incidence is neither linear, nor constant. The initial sharp decline in 1999 is likely to be due to cyclical increase and decrease of varicella rather than the vaccination campaign. 21 However, the persistence of this decrease can be attributed to vaccination and it seems justified to assert that sustained reductions in case numbers and hospitalisations observed in the years following the onset of vaccination represent the true impact of the varicella vaccination programme. Without the varicella vaccination campaign, one would likely have seen another cyclical peak and a new increase after 2000. This is supported by data from Buenos Aires, an adjacent province in Argentina which has no varicella mass vaccination, where a doubling of cases was reported from 2001 to 2002. 22 The slight increase in hospitalisations in 2002 and Cases  63  86  52  22  31  14  11  7  6  106  39  46  35  17  6  16  10  Members  911  994  1064  1317  1245  2181  5446  3336  2396  8743  9604  8835  4409  3414  3223  2475 2004 may represent the same cyclical phenomenon, but may have also been a result of the deteriorating economic climate in Uruguay that led to more hospitalisations for social reasons.
We observed a fourfold difference in the incidence rates between the two ambulatory healthcare providers. We do not have a clear explanation for this. We can only speculate that the thresholds for utilising the medical services seem to differ. However, as the trends are almost identical between the two systems (fig 2) , we believe that the potential under-reporting in one system does not invalidate our findings.
Besides the substantial reduction in incidence in the 1-4-yearold group that were eligible for vaccination, large decreases were also observed in the other age groups. We interpret these decreases as indications of herd immunity already measurable in Uruguay. In the infant group, the reduction obtained by herd immunity was nearly as significant as the reduction observed in the vaccinated group. Similar observations were made in the USA. 9 Uruguay has a relatively mild climate with average yearly temperatures of 12uC-25uC. Its varicella epidemiology should be expected to be similar to countries with mild climates in the Northern hemisphere, including parts of the USA. Our estimates of the incidence in the pre-vaccine period as well as the proportional reduction achieved by universal mass vaccination against varicella (UMVV) were comparable to those estimated in the USA, where Merck's Varivax vaccine is the only vaccine in use.
10 Table 3 summarises varicella epidemiology of both countries before and 5 to 6 years after introduction of UMVV.
The economic crisis of 2001 had a clear impact on Uruguayan health services. We noted an increase in hospitalisations in the public hospital and a decrease in the membership of one of the two private healthcare services. In order to assess the potential impact of this situation on measured incidence rates, we calculated the average number of consultations per member of the ambulatory systems (SEMM and SUAT). This average did not decline during the study period (1.7 in 1998-1999 and 2.4 in 2002 when the combined membership was lowest), suggesting that the decline observed for varicella was not due to a reduced utilisation of the services.
Our study has some limitations. By its retrospective nature we could not confirm reported varicella cases by laboratory testing. It is possible that varicella cases occurring in the current high-coverage setting are milder than before, particularly among vaccinees, and are therefore more easily missed. This would have caused us to overestimate the impact of the varicella vaccination programme on the absolute number of varicella cases. We could not estimate hospitalisation incidence rates as the population that makes use of the CHPR is not well defined and is expected to vary with changing economic conditions. We believe that an economic factor, namely the severe economic crisis in Uruguay during [2001] [2002] , explains the increase in overall hospitalisations at this public hospital. This is supported by the decrease in overall hospitalisations in 2003, in parallel with slightly improving economic conditions and an increase in following years that also paralleled a fall in economic conditions. Public outpatient varicella attendances were not available and it is possible that outpatient attendance and hospitalisation rates may have differed within the public and private healthcare sectors. Finally, varicella vaccination started in 1999, thus we have not had opportunity to observe varicella breakthrough cases that may potentially occur many years after vaccination.
Two theoretical concerns have hindered the widespread acceptance of varicella vaccination beyond a handful of countries. The first concern is that vaccination against varicella might increase the overall morbidity related to the disease, due to an upward shift in the average age of infection from childhood to adulthood where risk of complication is greater. 23 24 Data from adolescents and young adults over a longer period of observation are required to confirm this observation. The second concern is that UMVV might increase the incidence of herpes zoster in older age groups, as it has been suggested that repeated exposure to varicella and the resulting natural boosting of immunity to the latent virus could reduce the risk of its reactivation. 25 26 We intend to test the hypothesised temporary increase of zoster by expanding the surveillance in Uruguay to include herpes zoster in children as well as adults, which began in 2004. In 2006 the USA adopted a two-dose varicella vaccination strategy, introducing a second varicella dose at 4-6 years of age with the specific aim of minimising primary vaccine failures and reducing the incidence of breakthrough disease. 27 This strategy is also likely to inhibit potential upward age shifts in disease incidence and may have a positive impact on the incidence of zoster in later life.
This study assessed the impact of Varilrix when used under routine circumstances in a public health programme. We have shown that universal mass vaccination against varicella in Uruguay has highly beneficial effect in Uruguay by reducing both hospitalisations (by 81% overall) and outpatient visits (by 87% in children ,15 years) for this disease. This beneficial effect is expected to increase further as more cohorts of children are vaccinated and herd protection increases. Unlike the USA, where varicella vaccination coverage has increased rather progressively, Uruguay serves as an example of the public health impact of universal varicella vaccination when the uptake is high from the very start of the programme. 
